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%Langkah 1  
% Subpopulasi awal 
S0=0.8; V0=0.04; E0=0.08; I0=0.04; R0=0.04; 
 
%Nilai parameter  
mu=0.00005;  
gamma1=0.04; 
beta=0.3;   
beta1=0.01;  
teta=0.02;    
w1=20;   













































    u1o=u1;  u2o=u2;     
     
    So=S;  Vo=V;  Eo=E;  Io=I;  Ro=R; 
    g1o=g1; g2o=g2; g3o=g3; g4o=g4; g5o=g5; 
    S(1)=S0;  V(1)=V0;  E(1)=E0;  I(1)=I0;  R(1)=R0; 
     
   J(it+1)=0; 
 
    %Langkah 3 
    %Langkah maju dengan metode Runge Kutta Orde 4         
    for i=1:Z-1 
        J(it+1)=J(it+1)+h*(I(i)+w1*(u1o(i)^2)+w2*(u2o(i)^2)); 
        y=[S(i)  V(i)  E(i)  I(i)  R(i)]; 
        
        k1=h*PS1(y,u1o(i),u2o(i),mu,beta,beta1,gamma1,teta); 
        k2=h*PS1(y+0.5*k1,u1o(i),u2o(i),mu,beta,beta1,gamma1,teta); 
        k3=h*PS1(y+0.5*k2,u1o(i),u2o(i),mu,beta,beta1,gamma1,teta); 
        k4=h*PS1(y+k3,u1o(i),u2o(i),mu,beta,beta1,gamma1,teta); 
        y=y+(1/6)*(k1+2*k2+2*k3+k4); 
         
        S(i+1)=y(1); 
        V(i+1)=y(2); 
        E(i+1)=y(3); 
        I(i+1)=y(4); 
        R(i+1)=y(5); 
    end 
    J(it+1)=J(it+1)+h*(I(Z)+w1*(u1o(Z)^2)+w2*(u2o(Z)^2)); 




    %Plot subpopulasi E dan I tanpa kontrol 
    if it==0 
        figure(1) 
        subplot(2,2,1); 
        plot(t,E,'b:','linewidth',3); 
        xlabel('Waktu (hari)'); 
        ylabel('Subpopulasi Exposed (E)'); grid on; hold on; 
        legend('E tanpa kontrol','E dengan kontrol u1&u2'); 
        subplot(2,2,2); 
        plot(t,I,'b:','linewidth',3); 
        xlabel('Waktu (hari)'); 
        ylabel('Subpopulasi terinfeksi (I)'); grid on; hold on; 
        legend('I tanpa kontrol','I dengan kontrol u1&u2'); 
    end 
         
    g1(Z)=0; g2(Z)=0; g3(Z)=0; g4(Z)=0; g5(Z)=0; 
    u1(Z)=0;u2(Z)=0; 
 
    temp1=max([0 ((g1(Z)-g2(Z))*S(Z))/(2*w1)]); 
    u1(Z)=min([temp1 u1max]); 
         
    temp2=max([0 ((g4(Z)-g5(Z))*I(Z))/(2*w2)]); 
    u2(Z)=min([temp2 u2max]);     
       
    %Langkah 5 
    %Langkah mundur metode Runge Kutta Orde 4 
    for i=1:Z-1 
        je=Z-i; 
        J(it+1)=J(it+1)+h*(I(je)+w1*(u1o(je)^2)+w2*(u2o(je)^2)); 
       
        y=[g1(je+1) g2(je+1) g3(je+1) g4(je+1) g5(je+1)]; 
 
           
k1=h*PC1(y,S(je+1),V(je+1),I(je+1),u1(je+1),u2(je+1),mu,beta,beta1,gamm
a1,teta); 
        
k2=h*PC1(y+0.5*k1,S(je+1),V(je+1),I(je+1),u1(je+1),u2(je+1),mu,beta,bet
a1,gamma1,teta); 
        
k3=h*PC1(y+0.5*k2,S(je+1),V(je+1),I(je+1),u1(je+1),u2(je+1),mu,beta,bet
a1,gamma1,teta); 
        
k4=h*PC1(y+k3,S(je+1),V(je+1),I(je+1),u1(je+1),u2(je+1),mu,beta,beta1,g
amma1,teta); 
        y=y-(1/6)*(k1+2*k2+2*k3+k4); 
         
        g1(je)=y(1); 
        g2(je)=y(2); 
        g3(je)=y(3); 
        g4(je)=y(4); 
        g5(je)=y(5); 
         
        temp1=max([0 ((g1(je)-g2(je))*S(je))/(2*w1)]); 
        u1(je)=min([temp1 u1max]); 
         
        temp2=max([0 ((g4(je)-g5(je))*I(je))/(2*w2)]); 
        u2(je)=min([temp2 u2max]);     
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    end 
 
    %Langkah 6 
    eS=sum(abs(S-So)); 
    eV=sum(abs(V-Vo)); 
    eE=sum(abs(E-Eo)); 
    eI=sum(abs(I-Io)); 
    eR=sum(abs(R-Ro)); 
     
    eg1=sum(abs(g1-g1o)); 
    eg2=sum(abs(g2-g2o)); 
    eg3=sum(abs(g3-g3o)); 
    eg4=sum(abs(g4-g4o)); 
    eg5=sum(abs(g5-g5o)); 
     
    eu1=sum(abs(u1-u1o)); 
    eu2=sum(abs(u2-u2o)); 
 
    tes=eS+eV+eE+eI+eR+eg1+eg2+eg3+eg4+eg5+eu1+eu2; 
    it=it+1; 
    u1=(0.5*u1+0.5*u1o); 
    u2=(0.5*u2+0.5*u2o);     
end 
      

















ylabel('Kontrol Optimal u1&u2');  
legend('u1: Vaksinasi','u2 : Pengobatan');grid on;hold on; 
  
subplot(2,2,4); 
plot(1:it,J,'m-','linewidth',3); 
xlabel('Iterasi'); 
ylabel('J(u1,u2)'); 
grid on; 
hold on; 
 
 
